Blepharisma is a ciliated protozoan which shows negative phototaxis with concomitant cell elongation (8, 9). Matsuoka and Shigenaka (10) have examined the process of cell elongation by electron microscopy and suggested that the elongation maybe resulted from active sliding of the cortical microtubules. In our recent study, we further attempted to elucidate the mechanismof signal transduction from light stimulation to mechanical cell elongation (4). By using drugs such as channel blockers, ionophores, and cyclic mononucleotide phosphodiesterase inhibitors, we showed that the light stimulation may be converted to an electrical signal before elongation occurs.
In another ciliate, Paramecium,swimmingbehavior is regarded to be closely related to the membranepotential (1, 14) , and transient changes in the membrane potential, termed receptor potentials, have been observed to occur in response to various kinds of stimulations (3, 13) . Furthermore, photostimulation of Paramecium bursaria induced a transient photoreceptor potential depending on the external Ca2+ concentration, and was considered to relay the phototactic behavior of Paramecium (7, 16). Although Blepharisma is also known to show the phototactic behavior (9), neither photoreceptor potential nor membrane potential change during the photophobic response has been measured. Therefore, an electrophysiological study wasrequired in order to ** To whom correpondence and reprint requests should be addressed. Electrical Stimulation. Electrodes were madeof platinum wires (0.5 mmin diameter) and set in parallel with each other (5 mmapart) in the midst ofa slide glass. The cells to be tested were put on the slide with a small amount of experimental solution and covered with a cover slip. After adaptation for at least 10 min, the organisms were stimulated with a rectangular wave (7.6 V/mm, 3.0 msec). The light source for observing the cells was a halogen lamp (with IR and red filters) attached to a light microscope (Nikon, Diaphot).
RESULTS
Figure 1 demonstrates normal (dark adapted) and elengated organisms of Blepharisma japonicum. Under the normal cultural conditions, the Blepharisma cell always had the shape of a rice grain (Fig. la) . When the cell was stimulated by light (3,000 lux), it elongated and became slender, especially in the posterior region of the cell (Fig. lb) . Whenthe cells were mixed with the test solution containing 2 x 10~6MTPP+, a rapid decrease of extracellular TPP+ concentration was observed (Fig.  2) . The membrane potential (A<fi) of the organism was calculated according to Kamo et al. (5) Here, Orepresents the fractional volume the cells occupied in the medium, and F, T, and R indicate Faraday constant, absolute temperature, and gas constant, respectively. ZlE was calculated by the next equation, ZiE=E-Eo, where Eo and E are the electrode potentials observed before and after the organisms were added, respectively.
By these equations, the resting membranepotential of B. japonicum was calculated as -140±4 mV(n=14). As shown in Fig. 2 , photostimulation brought about a small but significant membrane depolarization (15.0± 7.5 mV, n=5, p<0.05, two-tailed t-test). Subsequent addition of valinomycin (5 x lO~7M) led to a further release of TPP+ from the cell (27.7±5.1 mV, n=4).
On the other hand, addition of a solvent for valinomycin (test solution containing DMSOat the final concentration of 0.1%), did not led to any detectable release of TPP+ from the cell (Fig. 2, arrowhead) . As shown in Fig. 3 , an application of valinomycin itself brought about an efflux of TPP+ without preceding photostimulation; subsequent addition of 30 mMKC1 led to a further release of TPP+ from the cell. As shown in Figs. 4 and 5, when the divalent cation Ca2+ or Co2+was added to the medium, a rapid but transient release of TPP+was observed. The membranedepolarization caused by Ca2+ (5x lO~3M) was 19.3±2.6mV (n=4), and the one caused by Co2+ (5x 10~3M) was 36.5±7.8 mV (n=4). Valinomycin, Ca2+, and Co2+ were found to be able to induce cell elongation (Table  I) , and electrical stimulation was also found to have the sameeffect. Whenthe cells were stimulated with strong light, they at first exhibited slight but rapid cell contraction as well as a transient backward swimmingmotion. After a few minutes, however, the cells began to swim forward at apparently accelerated velocities, and a gradual cell elongation occurred. Such a series of responses could also be observed when the cells were treated with Ca2+, Co2+, or electrical stimulation. In the case of electrical stimulation, only the cells swimmingparallel to the direction of the electric current showed such responses (7.6 V/mm, 3.0 msec, rectangular wave Co2+, and K+. Since all of these and also electrical stimulation induced cell elongation even in darkness, electrical changes of the cell membranemight be involved in the process of cell elongation in Blepharisma. It has been reported that some divalent cations such as Ca2+
and Co2+ bind to anionic sites on the membrane ofParamecium, which increases the potential difference across the plasma membrane (15) . Therefore, it is also possible in Blepharisma that addition of divalent cations to the mediummight have changed the electrical properties of the plasma membrane, causing membrane depolarization and the subsequent cell elongation.
